Introduction
Cryptococcusn eoformans is af ungal pathogen which causes severe infections in immunocompromised individuals, for example,A IDS patients and patients going through organ transplantation.
[1] C. neoformans is surroundedb yc apsular polysaccharides (CPSs), primarily the glucurono-xylo-mannan (GXM)-polysaccharide comprising 90-95 %o ft he total capsule mass. The structure of the GXM is believed to be built up of triads, that is, substituted a-(1!3) linked trisaccharide mannans, as depicted in Figure 1 . b-glucuronic acid residues are linked to position2of the mannosebackbone, together with aheterogeneous pattern of 2-and/or 4-b-xyloses ubstituents. The amounto fx ylose substitution is the major determinant for the serotyping, with serotype Ba nd Cb eing the more substituted. GXM is also heterogeneously acetylated with the acetate positioned at the 6-OH of the mannose backbone but not present in the residues carrying 4-O-xylose. [2] The acetylation is believed to be importantf or virulence for Serotypes Aand D. [3] Our main focusi so nSerotypes Aa nd D, which are the most common ones in human infections, but we are also interested in 4-O-xylosyl containingm otifs usually attributed to Serotypes Ba nd C, since theses tructures, owing to the largeh eterogeneity of the CPS, are presenti nm inor quantities also in CPSs serotypeda sAor D. Furthermore, Serotype Cs tructures have the lowest degree of acetylation, which should simplify structure-activity interpretation of immunological results. Ab uilding block synthetics trategy for Serotype Aa nd Ds tructures using 2-O-substituted disaccharides (I-III, Figure 2 ) [4] [5] [6] [7] [8] [9] has been developed, but the use of 2,4-di-O-substituted trisaccharide buildingb locks has not been investigated in detail.T he syntheses of both the 2,4-di-O-Xyl (IV,F igure 2) [10] and the 2-OGlcA-[4-O-Xyl] (V,F igure 2) [6, 11] substituted trisaccharide thioglycosideb uilding blocks have been published, but only the former hasb een used in glycosylations and then only as As part of an ongoing project aimed at identifying protective capsular polysaccharide epitopes for the development of vaccine candidates against the fungal pathogen Cryptococcus neoformans,t he synthesis and glycosylation properties of an aphthalenylmethyl (NAP) orthogonally protected trisaccharide thioglycoside, ac ommon building block for construction of serotype Ba nd Cc apsular polysaccharide structures, were investigated. Ethyl (benzyl2 , O-benzyl-3-O-(2-naphthalenylmethyl)-1-thio-a-d-mannopyranoside was prepared and used both as ad onor and an acceptor in glycosylation reactions to obtain spacer equippedh exa-and heptasaccharide structures suitable either for continued elongation or for deprotection and printing onto ag lycan array or conjugation to ac arrier protein. The glycosylation reactions proceeded with high yields and a-selectivity,p rovingt he viability of the building block approach also for construction of 4-O-xylosyl-containing C. neoformans CPS structures. [a] Dr.L.Guazzelli, Dr.R .Ulc, Prof. S. Oscarson SchoolofC hemistry and Chemical Biology,University College Dublin Belfield 4, Dublin(Ireland) E-mail:stefan.oscarson@ucd.ie ad onor.T he potentialu se of block V as donoro ra sa cceptor to form heavilyb ranched 2,3,4-tri-substituted mannose motifs has not been explored.
As lightly different approach to the one we are pursuing has been investigated by Zhao and Kong [12, 13] on the syntheses of non-acetylated methyl glycoside structures of SerotypeB. These capsular polysaccharide fragments were prepared following am ixed convergent-linear strategy.I np articular,t he xylose-substituted trisaccharide mannanb ackbonew as constructed before, and the glucuronic acid (GlcA)w as introduced in the final step.
When the mannoser esiduei nvolved in the glycosylation was at the nonreducing end in ah exasaccharide acceptor (Figure 3A) , no reaction was observed with methyl 2,3,4-tri-Oacetyl bromo-or trichloroacetimidateGlcA donors. [12] However,w hen the mannose residue was at the reducing end of the hexasaccharide acceptor ( Figure 3B ), the glycosylation proceeded smoothly (78 %y ield), affording the target non-acetylated heptasaccharidestructural motif. [13] Noteworthy, this latter strategy failed when the same glycosylationwas performed on SerotypeC heptasaccharide acceptor (Figure 3,  C) . [14] The conflicting outcomes of GlcA glycosylationd ecrease the attractivenesso ft his strategy in the preparation of larger GXM fragments.
Herein, our recent efforts in the preparation of the orthogonally protected buildingb lock type V are reported together with its use in the construction of larger spacer-containing acetylated part structures following ac onvergent approach.
Results and Discussion
In our previoussynthesis, [6] building block V was prepared with an allyl group as the temporary protecting group in position3. However,i nl ight of results obtained in attempts to remove the allyl group on disaccharide thioglycosides, showing itsi ncompatibility with the thioethyl group, [9] the allyl group was changed into an aphthalenylmethyl protecting group (NAP) in the new synthesis (Scheme 1).
Startingf rom compound 1, [7] the benzylidene ring was openedr egioselectively with NaCNBH 3 /HCl [15] obtainingc ompound 4-OH acceptor 2 in 93 %y ield. Thec oupling of 2 and 3 [16] was carriedo ut using trimethylsilyl trifluoromethanesulfonate (TMSOTf) in the presence of (commercial) acid-washed molecular sieves to prevento rthoester formation and afford compound 4 in 70 %y ield. At this stage, benzoyl groups, which ensured the stereoselective course of the glycosylation, were removed and the primary OH was selectively protected by reactionw ith tert-butyldimethylsilyl chloride (TBDMSCl) giving 6 in 61 %y ield over two steps. The remaining hydroxy groups were per-benzylated (!7,7 7%)b efore compound 8 was obtained in an almost quantitative yield (96 %) by reaction with tetra-n-butylammonium fluoride(TBAF).
NMR analysis of compound 8 at 25 8Ci nC DCl 3 gave unexpected results, which included broad peaks in the 1 HNMR spectrum and even missing carbon peaks in the 13 CNMR spectrum ( Figure 4) .
By carrying out the NMR experiments at 50 8C( Figure 4B ), sharper peaks ( 1 HNMR) and expected peaks ( 13 CNMR) were observed. In particular, the cross peak for CÀ1'' as well as the two anomeric carbonsf or CÀ1' and CÀ1'' were visible. Still, no signal was observed for position 4o ft he mannose residue. This behaviour is in agreement with hindered rotationf or compound 8. [17] Interestingly,t he NMRs of the relatedc ompounds 7 and 9 do not show this behaviour.
Final oxidation with the (2,2,6,6-tetramethylpiperidin-1-yl)oxyl-[bis(acetoxy)iodo]benzene (TEMPO-BAIB) [18] system followed by benzylation of the crude (Cs 2 CO 3 ,B nBr) afforded the desired building block 9 in satisfactory 60 %y ield.
Scheme1.Reagents and conditions:a)NaCNBH 3 ,H Cl (1 m in Et 2 O), THF,pH1-2, 20 8C, 30 min, 93 %; b) TMSOTf, CH 2 Cl 2 ,A W-300 MS, À78 8C!0 8C, o/n, 70 %; c) 1. NaOMe, MeOH, 20 8C, o/n;2.Dowex H + ion-exchange resin, 80 %; d) TBDMSCl,p yridine, DMAP,2 08C, 4h,7 6%;e)NaH, BnBr,DMF,08C!20 8C, o/n, 77 %; f) TBAF trihydrate, THF,2 08C, 2h,9 6%;g )1)TEMPO, BAIB, CH 2 Cl 2 /H 2 O( 2:1), 20 8C; 2) Cs 2 CO 3 ,B nBr,DMF,08C!20 8C, 2h,6 0%. www.chemistryopen.org Preparedt risaccharide 9 was tested in ad imethyl(methylthio)sulfonium trifluoromethansulfonate (DMTST)-promoted glycosylation with the spacer-containing derivative 10 [10] (Scheme 2) and afforded a-linked tetrasaccharide 11 as the sole product in 95 %y ield, demonstrating excellent donor properties of trisaccharide 9 to monosaccharide acceptors.
The removal of the naphthalenylmethyl protectingg roup by reactionw ith 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in am ixture of dichloromethane/water proceeded in 74 % yield to obtain acceptor 12 ready for testing the possibility of obtaining 2,3,4-tri-O-glycosylated structures.T hus, acceptor 12 was reactedw ith disaccharide thioglycoside 13 [9] again using DMTST as promoter.S atisfactorily,h exasaccharide 14 was obtained with complete a-selectivity and in high yield (79 %) and was then completely deprotected by means of hydrogenolysis to afford 15 in 67 %y ield. This rather unusual GXM structural motif was reportedr ecently by Nimrichter et al. [19] who characterised as ubstituted triad from encapsulated cells that had only been described in polysaccharide fractions from ah ypocapsular mutant. Am ore complexa cceptort han the monosaccharide 10 was then prepared to further investigate the donor properties of trisaccharide 9 (Scheme 3a nd 4). Spacer-equipped acceptor 17,o btained from 16 [10] in 88 %y ield, was coupled with trichloroacetimidate donor 3 [16] using tert-butyldimethylsilyl trifluoromethanesulfonate (TBDMSOTf)i nt he presenceo fa cidwashed molecular sieves yielding disaccharide 18 in 86 %y ield. Benzoyl groups, again utilised for their anchimeric assistance in the glycosylationr eaction, were exchanged for benzylg roups affording 20 in 77 %y ield over two steps. The opening of the benzylidene ring was this time performed using Bu 2 BOTf/ BH 3 [20] to afford the opposite regioselectivity to compound 1, giving the 6-OH compound 21 (76 %), whichw as either acetylated (!22,9 3%)o rb enzylated (!23,9 5%). The 6-O-acetyl disaccharide 22 was then chosen for the preparation of atetrasaccharide acceptor for the consecutive constructiono ft he spacer-containing C. neoformans Serotype Bh eptasaccharide triad motif which followed our standard sequence of reactions: NAP removal followed by DMTST-promoted glycosylation (Scheme 4).
The first reaction gave disaccharide acceptor 24 in 73 % yield, while the glycosylation with 25 [9] afforded tetrasaccharide 26 in 85 %y ield, which was in turn converted into the new acceptor 27 (80 %y ield). As mentioned in the introduction, acetates are heterogenously present on the 6-OH of mannose residues if no 4-O-xylose substituents are present. By choosing the correct combination from the set of thioglycoside donors (13 and 25)a nd spacer-containing acceptors (24 and the one that can be prepared from 23 after NAP removal),a nd by following the same sequence of reactions reported in Scheme 4, all possible acetylation patterns on the tetrasaccharide motif can be obtained,p ermitting following investigation into the effect of the acetylationp attern on the immune response.
Finally,b uilding block 9 was used in the glycosylation reaction with 27 to prepare the desired structuralm otif (Scheme 5).
The reaction proceeded smoothly (83 %) and permitted, for the first time, the synthesis of monoacetyl heptasaccharide 28. This result, together with the preparationo ft etrasaccharide 11,c onfirmed the versatility of the proposedc onvergent strategy which allows for installation of the GlcA containing trisaccharide in every position of the mannan triad thus overcoming the problems encountered previously with different strategies. Derivative 28 could be completely deprotected by hydrogenolysis, as shown for 14,a nd used to prepare ac andidate vaccine after conjugation with an immunogenic protein,o rc ould be employeda sa na cceptora fter removal of the NAP group (!29,68%), to furtherelongate the GXM fragment.
Conclusions
In conclusion, an efficient synthesis of aG lcA-containing trisaccharide thioglycoside buildingb lock corresponding to Cryptococcus neoformans SerotypeB and Cg lucurono-xylo-mannan (GXM) oligosaccharide structure has been developed. The naphthalenylmethyl (NAP)-protected building block was shown to be am ost efficient glycosyl donor to both monosaccharide and more complexa cceptorsi nd imethyl(methylthio)-sulfonium-trifluoromethansulfonate (DMSTS)-promoted glycosylation reactions which proceeded with high yields and complete a-selectivity.S ubsequent removal of the 2-NAP temporary protecting group convertedo btained saccharides into new acceptors, which were shownt ow ork well in following glycosylation reactions allowing effective constructiono fh eavily branched 2,3,4-subtituted motifs. Thus, the presented strategy permitted the preparationo fb oth ah exasaccharide (14)a nd aS erotypeBheptasaccharides tructuralm otif, and the results demonstrate the possible synthesis of any C. neoformans GXM structuref rom the variousa vailablem ono-, di-, and trisaccharide building blocks.
Experimental Section
General:T hin-layer chromatography (TLC) was carried out on precoated 60 F 254 silica gel alumina plates (Merck) using UV light and/ or 8% H 2 SO 4 and/or AMC-solution (ammonium molybdate, cerium (IV) sulphate, 10 %H 2 SO 4 [5:0.1:100, w/w/v]f or visualisation. Flash column chromatography was performed on silica gel (Merck, pore size 60 , particle size 40-63 mm). NMR spectra were recorded in CDCl 3 (internal Me 4 Si d = 0.00 ppm) at 25 8Co naV arian instrument (500 MHz for 1 Ha nd 125 MHz for 13 Co r6 00 MHz for 1 Ha nd 150 MHz for 13 C, VNMRS 500 MHz or 600 MHz, Palo Alto, USA). Coupling constants are given in Hertz (Hz) . High-resolution mass spectrometry (HRMS) spectra were recorded on aM icromass LCT instrument (Waters, Milford, USA) using electrospray ionisation (ESI) in either the positive or negative modes. Optical rotations were measured with aP erkinElmer 343 polarimeter (Waltham, USA) at the sodium D-line (589 nm) at 20 8Cu sing a1dm cell. All reactions containing air-and moisture-sensitive reagents were carried out under an Ar atmosphere. Organic phases were dried over MgSO 4 before evaporation, which was performed under reduced pressure at temperatures not exceeding 40 8C. (2) . Sodium cyanoborohydride (223 mg, 3.56 mmol) was added to as olution of acetal 1 (612 mg, 0.59 mmol) in dry tetrahydrofuran (THF,2 5mL) containing crushed molecular sieves (3 , 150 mg). A1 m solution of HCl in Et 2 O( 9.0 mL, 9.0 mmol) was added dropwise at 20 8C( until pH 1-2). The reaction mixture was stirred until no starting material was detected by TLC (toluene/ EtOAc, 6:1). After 30 min, Et 3 N( 2.5 mL, 17.80 mmol) was added, followed by dropwise addition of MeOH (10 mL). CH 2 Cl 2 (20 mL) was added, the solids were removed by filtration through as hort pad of Celite, concentrated in vacuo, and then redissolved and coevaporated with MeOH (3 50mL). Purification by flash column chromatography (SiO 2 ,1 00 mL, 4. (4) . Ac atalytic amount of TMSOTf (20 mL, 11 mmol) was added to as olution of donor 3 [16] (88 mg, 0.145 mmol) and acceptor 2 (116 mg, 0.113 mmol) in dry CH 2 Cl 2 (5 mL) containing crushed molecular sieves (AW-300, 40 mg) kept at À78 8Ci na na tmosphere of nitrogen. The temperature was then allowed to rise to 20 8Co vernight (TLC, toluene-EtOAc, 6:1). The reaction mixture was neutralised with Et 3 N( 16 mL, 0.113 mmol), the solids were removed by filtration, and the filtrate was concentrated in vacuo to ay ellowish foam. Purification by flash column chromatography ( 
. Ac atalytic amount of sodium methoxide (75 mg, 1.38 mmol) was added to as olution of 4 (4.10 g, 2.77 mmol) in dry MeOH (150 mL). The mixture was stirred at 20 8Co vernight (TLC, CH 2 Cl 2 ÀMeOH, 9:1). After complete conversion, Dowex (H + )a cidic ion-exchange resin was added for neutralisation, the resin was filtered off, washed with MeOH (30 mL), and the filtrate was concentrated in vacuo. Purification by flash column chromatography (SiO 2 , 600 mL, 7. 
tert-Butyldimethylchlorosilane (82 mg, 0.55 mmol) and ac atalytic amount of DMAP (1 mg, 8 mmol) were added to as olution of 5 (273 mg, 0.36 mmol) in dry pyridine (10 mL), and the mixture was stirred at 20 8Cf or 4h.T he progress of the reaction was followed by TLC (DCM/MeOH, 9:1). The mixture was concentrated in vacuo, and then redissolved and coevaporated with toluene (3 30mL 
. NaH (100 mg, 2.49 mmol, 60 %o il dispersion) was washed with pentane (3 10mL) prior to use. NaH was added portionwise to as olution of 6 (239 mg, 0.27 mmol) in dry DMF (10 mL) at 0 8C in an atmosphere of nitrogen. After 15 min, benzyl bromide (236 mL, 2.00 mmol) was added dropwise at 0 8Cu nder vigorous stirring. The temperature was then allowed to rise to 20 8Co vernight (TLC, toluene/EtOAc, 9:1). After complete consumption of the starting material, residual NaH was quenched with MeOH (1 mL), and then with H 2 O( 50 mL). The resulting mixture was extracted once with EtOAc (40 mL), the layers were separated, and the organic layer was washed with brine (1 40mL), dried over 138.8, 138.7, 138.4, 138.4, 138.3, 136.3, 133.4, 133.0, 129.1, 129.0 (8) . TBAF trihydrate (52 mg, 0.16 mmol) was added to as olution of 7 (153 mg, 0.11mmol) in THF (5 mL), and the mixture was stirred at 20 8Cf or 2h (TLC, toluene/EtOAc, 9:1). After complete consumption of the starting material, the reaction mixture was concentrated in vacuo. Purification by flash column chromatography (SiO 2 (9) . TEMPO (2 mg, 13 mmol) and BAIB (300 mg, 0.93 mmol) were added to avigorously stirred solution of 8 (116 mg, 90 mmol) in CH 2 Cl 2 /H 2 O (12 mL, 3:1), and the mixture was stirred at 20 8Cf or 4h.T he progress of the reaction was carefully monitored by TLC (toluene/ EtOAc, 9:1). The reaction was quenched by adding 10 %a q. Na 2 S 2 O 3 solution (10 mL). The resulting mixture was extracted once with EtOAc (20 mL), the layers were separated, and the organic layer was washed with brine (1 10mL), dried over MgSO 4 ,a nd concentrated in vacuo. Cs 2 CO 3 (57 mg, 0.17 mmol) was added to as olution of the crude in dry DMF (3 mL) at 20 8C. After 15 min, benzyl bromide (22 mL, 0.18 mmol) was added dropwise at 0 8C. The temperature was then allowed to rise to 20 8Co ver 16 h( TLC, toluene/EtOAc 9:1). After complete consumption of the starting material, water (10 mL) was added, and the resulting mixture was extracted with Et 2 O( 215 mL), the layers were separated, and the organic layer was dried over MgSO 4 168.1, 138.8, 138.8, 138.7, 138.5, 138.4, 138.3, 138.0,  136.2, 135.1, 133.4, 133.1, 129.3, 128.8, 128.6, 128.6, 128.5, 128.5,  128.4, 128.4, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9 (11) . Am ixture of 10 (10 mg, 19.3 mmol), 9 (40 mg, 29 mmol), and crushed molecular sieves (4 , 20 mg) in dry Et 2 O( 2mL) was stirred at 20 8Cf or 30 min. The reaction mixture was cooled to 0 8C, freshly prepared DMTST (15 mg, 60 mmol) was added, and the reaction mixture was stirred at 0 8Cf or 30 min. The progress of the reaction was carefully monitored by TLC (toluene/EtOAc, 9:1). The cooling bath was removed and stirring was continued at 20 8Cf or 1h.E t 2 O( 5mL) was added, and the reaction was quenched with Et 3 N( 50 mL) at 0 8C. (12) . DDQ (10 mg, 44 mmol) was added to av igorously stirred solution of 11 (34 mg, 18 mmol) in CH 2 Cl 2 /tBuOH (4.4 mL, 10:1) at 20 8C. The progress of the reaction was monitored by TLC (toluene/EtOAc, 9:1). After 60 min, the reaction was quenched by adding satd. NaHCO 3 solution (15 mL). The resulting mixture was extracted once with CH 2 Cl 2 (20 mL), the layers were separated, and the organic layer was washed with, 10 %a q. , 1H), 3.44-3.40 (m, 2H), 3.36-3.28 (m, 3H) 168.2, 138.7, 138.6, 138.6, 138.4, 138.4, 138.3, 138.3,  138.2, 138.2, 135.3, 129.0, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5,  128.4, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 128.1, 128.0, 128.0 (14) . Am ixture of 12 (22 mg, 13 mmol), 13 [9] (18 mg, 20 mmol), and crushed molecular sieves (4 , 20 mg) in dry Et 2 O (3 mL) was stirred at 20 8Cf or 30 min. The reaction mixture was cooled to 0 8C, freshly prepared DMTST (14 mg, 56 mmol) was added, and the reaction mixture was stirred at 0 8Cf or 30 min. The progress of the reaction was carefully monitored by TLC (toluene/ EtOAc, 9:1). The cooling bath was removed, and stirring was continued at 20 8Cf or 1h.E t 2 O( 6mL) was added and the reaction was quenched with Et 3 N( 40 mL, 0.20 mmol) at 0 8C. (15) . 10 %wPd/C (17 mg, 16.1 mmol) was added to as olution of compound 14 (26 mg, 12.4 mmol) in AcOEt/H 2 O/AcOH (4:2:1, 1.75 mL). The mixture was hydrogenolysed in ah igh-pressure reactor (Berghof, Eningen, Germany) at 20 8C( p = 30 bar). After 48 h, the solids were removed by filtration using a' sandwich filter'( 3f rits stacked on top of each other in the following order: 20 mm, 10 mm, 5 mm), rinsed with H 2 O( 32mL) and EtOH (3 2mL 6 mmol) and dibutyltin oxide (9.96 g, 40.0 mmol) in anhydrous toluene (320 mL) was heated at reflux with continuous removal of water (DeanStark trap). After 3h,t he mixture was concentrated to half volume, tetrabutylammonium iodide (14.8 g, 40.0 mmol) and 2-(bromomethyl)naphthalene (7.21 g, 32.6 mmol) were added, and the reaction mixture was brought to reflux for another 3h.T ot he reaction mixture, EtOAc (400 mL) was added, and the organic layer was then (18) . Ac atalytic amount of TBDMSOTf (335 mL, 1.46 mmol) was added to as olution of 3 [16] (8.89 g, 14.66 mmol) and 17 (7.00 g, 14.66 mmol) in dry CH 2 Cl 2 (125 mL) containing crushed molecular sieves (AW-300, 180 mg) kept at À78 8Ci na na tmosphere of nitrogen. The temperature was then allowed to rise to 20 8C overnight (TLC, toluene/EtOAc, 6:1). The reaction mixture was neutralised with Et 3 N( 1.23 mL, 8.79 mmol), the solids were removed by filtration, and the filtrate was concentrated in vacuo to ayellow- (19) .
Ethyl (benzyl 2,3,4-tri-
O-benzyl-b-d-glucopyranosyluronate)-(1! 2)-[2,3,4-tri-O-benzyl-b-d-xylopyranosyl-(1!4)]-6-O-benzyl-3-O- (2-naphthalenylmethyl)-1-thio-a-d-mannopyranoside2-Azidoethyl (benzyl 2,3,4-tri-O-benzyl-b-d-glucopyranosyluro- nate)-(1!2)-[2,3,4-tri-O-benzyl-b-d-xylopyranosyl-(1!4)]-6-O- benzyl-3-O-(2-naphthalenylmethyl)-a-d-mannopyranosyl-(1!3)- 2,4,6-tri-O-benzyl-a-d-mannopyranoside2-Azidoethyl (benzyl 2,3,4-tri-O-benzyl-b-d-glucopyranosyluro- nate)-(1!2)-[2,3,4-tri-O-benzyl-b-d-xylopyranosyl-(1!4)]-6-O- benzyl-a-d-mannopyranosyl-(1!3)-2,4,6-tri-O-benzyl-a-d-man- nopyranoside2-Azidoethyl 2,3,4-tri-O-benzyl-b-d-xylopyranosyl-(1!2)-6-O- acetyl-4-O-benzyl-3-O-(2-naphthalenylmethyl)-a-d-mannopyra- nosyl-(1!3)-[benzyl 2,3,4-tri-O-benzyl-b-d-glucopyranosyluro- nate-(1!2)][2,3,4-tri-O-benzyl-b-d-xylopyranosyl-(1!4)]-6-O- benzyl-a-d-mannopyranosyl-(1!3)-2,4,6-tri-O-benzyl-a-d-man- nopyranoside
2-Aminoethyl
b-d-xylopyranosyl-(1!2)-6-O-acetyl-a-d-manno- pyranosyl-(1!3)-[ b-d-glucopyranosyluronate-(1!2)][ b-d-xylo- pyranosyl-(1!4)]-a-d-mannopyranosyl-(1!3)-a-d mannopyra- noside2-Azidoethyl 2,3,4-tri-O-benzoyl-b-d-xylopyranosyl-(1!2)-4,6-O- benzylidene-3-O-(2-naphthalenylmethyl)-a-d-mannopyrano- side
2-Azidoethyl
Ac atalytic amount of sodium methoxide (68 mg, 1.27 mmol) was added to as olution of 18 (11.70 g, 12.69 mmol) in dry MeOH (250 mL). The mixture was swirled at 20 8Co vernight (TLC, CH 2 Cl 2 /MeOH, 9:1). After complete conversion, Dowex (H + )a cidic ion exchange resin was added for neutralisation, the resin was filtered off, washed with MeOH (50 mL), and the filtrate was concentrated in vacuo. 
A1 m solution of BH 3 in THF (23.6 mL, 23.6 mmol) was added to as olution of 20 (2.08 g, 2.36 mmol) in dry CH 3 CN (40 mL) kept at 0 8Cu nder an atmosphere of nitrogen. After 5min, a1m solution of Bu 2 BOTf (2.36 mL, 2.36 mmol) was added dropwise at 0 8C, and the reaction mixture was stirred for 90 min (TLC, toluene-EtOAc, 6:1). After complete consumption of the starting material, the reaction was quenched with Et 3 N( 10 mL), followed by dropwise addition of MeOH (10 mL) at 0 8C. The mixture was concentrated in vacuo, and the residue was redissolved and co-evaporated with MeOH (3 50mL). The syrupy residue was redissolved in MeOH, the solids were removed by filtration through as hort pad of Celite, and the filtrate was concentrated in vacuo. Purification by flash column chromatography (SiO 2 www.chemistryopen.org kept at 0 8Cu nder an atmosphere of nitrogen. After 15 min, benzyl bromide (395 mL, 3.33 mmol) was added dropwise at 0 8Cu nder vigorous stirring. The temperature was then allowed to rise to 20 8Co ver 2h (TLC, toluene/EtOAc, 6:1). After complete consumption of the starting material, residual NaH was quenched with MeOH (2 mL), and then with H 2 O( 80 mL). The resulting mixture was extracted once with EtOAc (160 mL), the layers were separated, and the organic layer was washed with brine (1 100 mL), dried over MgSO 4 
